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Abstract
Encouraging student engagement is a key aim in any educational setting. Allowing students the freedom
to pursue their own methods of solving problems through independent experimentation has been shown to
markedly improve this. In many contexts, however, allowing students this flexibility in their learning is
hampered by constraints of the material itself, such as in the electronics laboratory, where expensive equipment
confines the learning environment to the laboratory room. To address this, we present the development of a
low-cost, portable electronics learning platform, the WinterLab board and software interface, designed for use
in an introductory science undergraduate electronics course. The platform is comparable or lower in cost than
a typical textbook, fits in the palm of the hand, connects to the user’s computer via USB, and incorporates
all equipment used in a typical undergraduate electronics laboratory. The WinterLab platform was given to
a subset of students in the 2019 edition of an electronics and signal processing second year undergraduate
course, who used it to complete the course’s laboratory curriculum. Students’ reception of the board was
positive, and several requested to keep the board beyond the end of the semester for use in personal projects.
Equipping students with a low-cost test and measurement platform, such as the WinterLab board, that can be
used at home and kept after the end of the course represents an accessible avenue for improving engagement
in electronics learning at the science undergraduate level.
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1 Introduction
Maximizing student engagement with the subject matter of
a course is a key element for improving student outcomes.1
However, it is being increasingly shown that the traditional,
teaching-by-telling2 style is not effective in this regard. 3 4
Rather, it is now well-documented that students who are
afforded the opportunity to interact with new knowledge in
self-ascribed ways strongly outperform their traditionally-
instructed peers.2 5 6 Despite this, many courses still fol-
low the traditional style of teaching, and this disconnect is
particularly apparent in laboratory courses. Science labo-
ratory courses are often entrenched in traditional styles, in
part due to the high cost of the laboratory equipment that
is typically located in a limited-access teaching laboratory.
Low-cost, commercially-available components offer
some solutions to address this apparent disconnect, in
the form of computer or mobile phone applications
and microcontroller-based gadgets, which enclose multi-
purpose measurement equipment in a small, affordable,
easy-to-use package (see, for example, the iOLab7). These
tools are intuitive for students to use, and allow more time
to be spent learning the course subject matter. Many are
also designed to make laboratory activities more fun, and
to allow students to work where they please; these devices
are highly-portable, turning what was once a prescribed sit-
down session in a (often dark, basement) laboratory into an
investigation that can be performed anywhere the student
sees fit.
This technology-enabled learning enrichment can be
taken further, by creating laboratory activities in which
students create not only their own strategies but also their
own measurement equipment, as in Bouquet et al (2017).8
The key ingredient to many of these low-cost solutions is
the microcontroller, a small computer typically mounted
as part of a circuit board with multiple inputs and outputs
through which it interfaces with external circuitry and mea-
surement equipment. Popular amongst hobbyists as well as
in the learning laboratory, they provide useful bases for in-
dividual experimental setups, such as in Zachariadou et al
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(2012)9 and Schultz (2016).10
However, achieving both affordability and versatility re-
mains an issue in the electronics and signals teaching labo-
ratory. Integrated measurement equipment devices do ex-
ist, and while significantly less expensive than purchasing
an entire suite of traditional hardware, their prices typi-
cally range upwards from a starting point already several
times the cost of a textbook. 11 12 These higher prices come
with a correspondingly high level of performance which, es-
pecially for introductory courses, is not required, and their
cost may be prohibitive for all students to own one.
Providing a low-cost, portable experiment platform
that each student can own and continue to use after the
course has ended supports an engaging and fun learning
environment, fostering enthusiasm and self-motivated skill-
building in electronics.
2 Engagement
Active learning “The process of keeping students
mentally, and often physically, active in their learning
through activities that involve them in gathering informa-
tion, thinking, and problem solving.”13 Many active learn-
ing approaches place emphasis on allowing students to de-
vise their own solutions to problems, instead of instruct-
ing them to follow a pre-determined course of instructions.
This increased level of autonomy can lead to improved en-
gagement with the learned material, as was notably demon-
strated by Thornton and Sokoloff (1998),5 in which a com-
parison of large cohorts of students enrolled in traditional
and active-learning sections of the same laboratory and
lecture course found that students in the active-learning-
supported sections strongly outperformed their counter-
parts receiving traditional instruction on a standardized
test of core course concepts.
Why does this work? Students must internalize and
construct their own understanding of the subject matter.
This is facilitated by having the opportunity to make multi-
ple connections between the new information and their own
knowledge base.6 Learning about something and learning
how to do something are separate tasks — knowing that
something is true (declarative knowledge) is not the same as
knowing how to do something (procedural knowledge). The
lecture is designed to convey declarative knowledge, while
the lab environment should encourage the development of
the related procedural knowledge. However, the traditional
lab activity, in which students are told the final result, the
result to be expected at each intermediate step, and how
to attain each of these intermediate results, is simply an
extension of the declarative knowledge already passed on
in the classroom. Further, affording students autonomy
in their learning improves emotional engagement with the
subject matter, leading to heightened intrinsic motivation
— the tendency to pursue the topic of one’s own volition,
rather than for external reward or punishment.14 Labo-
ratory activities which are turning towards active-learning
approaches seek to allow students to learn through practice
and problem solving, and to make their own connections,
in order to pursue lasting subject matter retention and en-
gagement.
The electronics laboratory Typical electronics de-
velopment requires, at minimum, two pieces of associated
equipment: a signal source (whether a direct current (DC)
supply such as a battery, or a periodic signal generator such
as a waveform or function generator), and some means of
measuring the signal output (for instance, a multimeter,
which can detect the impedance or steady-state voltage in
a circuit, or an oscilloscope, which allows visualization of
changing signal levels inside the system). Even in the sim-
plest cases, the costs of these tools is prohibitive for stu-
dents to purchase in order to pursue projects outside the
university lab. These costs, along with the physical size
and non-portability of these instruments, makes taking the
plunge into home electronics experimentation forbidding if
not impossible for many.
Pursuing a degree in the sciences affords students an op-
portunity to try out this subject, which in many cases may
be new to them. An aptitude for electronics can have wide-
ranging applications both inside and outside academia, as
well as for the development of hobby projects. It is there-
fore worth maximizing the reward a student can take away
from these courses by providing a dynamic and engaging
learning environment, and to allow more accessible means
of entry into this field.
3 The platform
The WinterLab electronics learning platform, named for
the chilly weather commonly encountered around its home
institution, consists of a microcontroller-based develop-
ment board built to interface with a solderless prototyp-
ing breadboard (Figure 1), and a cross-platform graphical
software interface (Figure 4). It provides the user with im-
plementations of the typical instruments found in a science
undergraduate-level electronics laboratory: oscilloscope,
function generator, digital multimeter, and voltage source,
and was designed to be low-cost, durable, ultra-portable,
and highly versatile. All electronic design schematics, as
well as source code for the microcontroller and user inter-
face, are open-source and freely available online.
3.1 Hardware implementation
The hardware element of the WinterLab learning plat-
form (pictured in Figure 1), generally called the Winter-
Lab board, is a microcontroller-based electronics experi-
ment platform. It has 8 input/output connection points,
which are depicted in the functional diagram in Figure 2:
- a two-channel, 8-bit, 240 kSPS oscilloscope
- an 8-bit, 4.1 MSPS arbitrary waveform generator
- a direct current (DC) voltage source
- a voltmeter
- an impedance meter for resistance and capacitance
(uses two connection points)
- a ground reference
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Figure 1: The WinterLab electronics experimentation board. The top deck consists of a Teensy 3.6 microcon-
troller development board (1), which performs the on-board processing inside the Kinetis K66-family chip (2).
The lower deck (3) contains additional circuitry as illustrated in Figure 2. These auxiliary circuits provide power
distribution, voltage scaling to allow the WinterLab to operate over a ±5V scale, and buffering to protect the
microcontroller from accidental overvoltage or electric discharge. Connections to and from the board are made by
attaching grabber cables to the row of eight colorful input/output (I/O) connection points along the lower deck
(4). The row of I/O pin pairs at the right of the lower deck (5) serve as a manual measurement scale selector for
impedance measurements.
The user connects these inputs or outputs to their sys-
tem via grabber cables, as pictured in Figure 3. The
board is designed to be mounted on a solderless prototyp-
ing breadboard, a common basis for implementing projects
in course-based labs. The user can build their projects di-
rectly onto the breadboard, allowing easy connections to
and from the WinterLab platform. The WinterLab con-
nects to and is powered by a user’s computer via USB
(Figure 2).
The lower deck of the board, on which the in- and out-
put connection points are mounted, contains a collection
of additional circuitry which supports the board’s func-
tion (Fig. 2). These include power management, buffers
to protect the board from electronic discharge or acci-
dental user over-voltage, and voltage scaling circuitry to
allow the board to operate over a range of ±5V. These
types of circuits are taught at the introductory undergrad-
uate level, require commonly-used parts only, and can be
readily assembled by hand. Detailed schematics for these
circuits can be found with the WinterLab code base, at
github.com/wl-base/winterlab.
The on-board processing is performed by a Kinetis
K66-family microcontroller,15 as incorporated within the
Teensy 3.6 development board,16 pictured as the top deck
of the WinterLab board in Figure 1. This high-performance
microcontroller is programmed in the widely-popular Ar-
duino17 language, and has a vibrant following amongst the
hobbyist electronics community. The code run by the Win-
terLab board is written to be easily readable—and therefore
readily modifiable—by the user. Additionally, the micro-
controller may be removed from the WinterLab board, and
transplanted for use in other projects.
3.2 Software and user interface
The WinterLab software consists of a graphical user inter-
face (GUI), which controls the WinterLab board when con-
nected to the user’s computer via USB. The GUI is a cross-
platform program for Mac OS, Linux Ubuntu, and Win-
dows (including Windows touchscreen tablet PCs), whose
source code is written in Python, an immensely popular
programming language for scientific computing. Python
was selected to enable easy communication between the
GUI and external data collection systems, which largely
run Python natively, as well as to encourage the interested
user to modify the interface as they see fit.
The layout of the interface is designed to emulate the
appearance of traditional rack-mounted laboratory test and
measurement equipment. Each of the board’s functionali-
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Figure 2: Functional diagram of the WinterLab board, depicting the Teensy 3.6 microcontroller unit (at center)
connected to the user’s personal computer (left), and additional circuitry (at right) used to enable and protect
the various in- and outputs. From top: two identical oscilloscope channels (inputs), voltmeter (input; using
the same architecture as the oscilloscope channels), waveform generator (output), direct current voltage source
(output; identical circuit to the waveform generator), and impedance meter (two connection points, across which
the user places the component to be measured, and selects the impedance measurement range manually amongst
R1 through R5). Each section interfaces with the user’s projects via grabber cables attaching to the connection
point loops (as in Figure 3).
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Figure 3: The WinterLab platform in use. The board is mounted on a solderless breadboard, on which a simple
filter circuit is constructed. Grabber cables connect the function generator and the two oscilloscope channels to
measurement points in the circuit. The board is connected via USB to the user’s laptop, where, on the graphical
user interface (as shown in Figure 4), output values can be adjusted and data recorded.
ties (oscilloscope, function generator, voltage source, digi-
tal multimeter) is represented in the display, and clickable
buttons, dials, or input fields allow control of the board’s
input and output functionalities. The interface also allows
automated functions, such as generating and recording a
frequency sweep, a common test to characterize many types
of circuits, which is time-consuming when done by hand.
With this automation, combined with the ability to save
acquired images and data directly onto the user’s laptop,
the interface is designed to be convenient and easy to use
for student lab projects.
4 Application in a pilot lab
course environment
In the 2019 academic year, of a class of 113 students in a
second-year undergraduate introductory electronics course
at McGill University, 25 student volunteers (one of five lab-
oratory sections) were given the WinterLab board as part
of a pilot program, and used it to complete the course’s
laboratory curriculum. Students in the pilot section com-
pleted anonymous surveys about their experience as well
as the standard course evaluations. The pilot section was
designed as a trial to appraise the experience of students in
active-learning-style labs, in comparison with that of their
peers in traditional laboratory sections, and the Winter-
Lab platform was designed and constructed to enable this
goal. The students were free to take the board home with
them, allowing them to work on the lab exercises outside of
the regular lab sessions. The performance of the platform
was sufficient that, with minor adjustments in the com-
ponent values used in the lab modules to suit the board’s
bandwidth, the students were able to complete the course’s
laboratory curriculum using the platform alone.
A quantitative assessment of student outcomes using
the new platform is challenging due to the low student sam-
ple size, selection effects, and difficulties in obtaining a high
student response rate to the administered surveys. Student
evaluations included an extra question with segregated re-
sponses for pilot and non-pilot students,“The lab section
allowed me to gain familiarity with electronics such that
I feel comfortable with the idea of building and maintain-
ing electronics for use in courses and for home projects.”
Students could respond numerically from 1-5, with 1 cor-
responding to ‘strongly disagree’ and 5 corresponding to
‘strongly agree’. Pilot student mean response was 4.0±0.35
with N = 12 responses (the error on the mean is evaluated
as the standard deviation divided by
√
N), non-pilot stu-
dents mean response was 3.6±0.19 with N = 32 responses.
We note, however, that the pilot section had other differ-
ences that could influence student assessments, such as a
different teaching assistant delivering the pilot lab who re-
ceived higher evaluations from students, and a selection
effect wherein the pilot section included only students who
had volunteered for it. We conclude that the quantita-
tive evidence for improved learning outcomes is weak, but
sufficiently promising to motivate other courses to pursue
similar strategies on a trial basis.
This is bolstered by responses provided in the
anonymized surveys. The students voiced enthusiasm for
the use of the board, and for being involved in the develop-
ment of a such a project. One described the board as “[w]ell
explained and easy to understand how to use.” Others re-
ported enjoying the convenience of the automated functions
and integrated data collection, saying that “...[the Winter-
Lab platform] made the labs a lot easier since we were able
to directly export and use data for our work. I enjoyed
working with it a lot.” While, due to the nature of the pi-
lot program, the students were not able to keep the boards
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Figure 4: The WinterLab graphical user interface (GUI). This cross-platform program runs on the user’s personal
computer, and controls the WinterLab board via USB. It consists of three main sections, each corresponding to
the measurement device whose functionality it implements: the oscilloscope (top), the waveform generator (mid-
dle), and the digital multimeter with DC voltage source (bottom). Here, the display corresponds to the simple
filter measurement shown in Figure 3.
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permanently, five students borrowed the board over the
summer in order to pursue their own creative projects, and
one student requested access to the source code for both
the board and interface (which had not previously been
made fully available).
5 Summary
Introducing active-learning approaches in traditional edu-
cation improves both student experience and engagement.
Increasing the independence and autonomy that students
encounter in their learning environment builds intrinsic
motivation, encouraging long-lasting investment in the ac-
quired knowledge. The role of the teaching laboratory, to
reinforce concepts seen in class by allowing students to in-
teract with the subject matter in new, dynamic ways, is
augmented by the introduction of active-learning strate-
gies such as increased emphasis on independent problem
solving and individual experimentation, both of which are
assisted by increased flexibility in when and where learning
takes place. The accessibility of low-cost, standalone test
and measurement platforms allows students to not only
take their course-based experiments with them, but also
to directly apply the knowledge and skills they acquire to
projects and experiments in their lives outside the class-
room.
The WinterLab platform is an inexpensive, open-source
way of enabling this flexibility for students of electronics,
particularly for those at the introductory science under-
graduate level. Providing the resources needed to engage
and experiment with electronics at home, it serves not only
as a useful curriculum device, but also as a tool enabling
the pursuit of projects outside the curriculum. The appli-
cability of the platform’s educational enrichment is beyond
its measurement functionalities, with both the external cir-
cuitry and source code accessible at the undergraduate level
— indeed, the creator of the board, and author of this pa-
per, began this project as an undergraduate after taking
the introductory circuits course mentioned in the previous
section. With parts that are easily re-purposed for other
projects, such as the microcontroller itself, the platform en-
courages further growth and exploration in the field. The
resultant product is a versatile, accessible, electronics de-
velopment platform, well-suited for use within the under-
graduate lab and beyond.
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